MAS-FIN-153 


IN3 = 


= ° r ELECTRONIC COMPONENT WITH STACKED SEMICONDUCTOR CHIPS 

5 Background of the Invention : 
Field of the Invention : 
The invention relates to an electronic component with stacked 
semiconductor chips and to a method for its production. 
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For more compact stacking or higher integration of electronic 
components, and in particular integrated semiconductor 
components, known as semiconductor chips, they can be stacked 
in a number of layers. In this case, both individual 
semiconductor chips and larger units made up of semiconductor 
ijffi chips can be stacked before they are separated, i.e. as 

ru 

semiconductor wafers, as they are known. To interconnect the 
semiconductor chips or wafers disposed one on top of the other 
electrically and mechanically at their contacts, they are 
soldered. For this purpose, apertures can be etched into the 
2 0 wafer by an etching process. The inner surfaces of the 

apertures are subsequently metallized. In this way, a number 
of wafers can be mechanically and electrically connected by a 
soldered joint, and in this way stacked one on top of the 
other. 

25 
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For producing stacked three-dimensional topographies of 
semiconductor chips, known as chip-size packages (CSP) , wafers 
are divided along separating joints between the individual 
semiconductor chips by an etching process, in order after that 
to establish wiring links from the respective active sides of 
the semiconductor chips to their rear sides with the contact 
connections and bonding areas to be soldered that are located 
on these sides. 

Summary of the Invention : 

It is accordingly an object of the invention to provide an 
electronic component with stacked semiconductor chips which 
overcomes the above-mentioned disadvantages of the prior art 
devices of this general type, which has stable mechanical and 
electrical connections between the semiconductor chips to be 
stacked, along with a minimal spatial extent. 

With the foregoing and other objects in view there is 
provided, in accordance with the invention, an electronic 
component. The component contains at least two wiring boards, 
and at least one of the wiring boards has apertures formed 
therein. A semiconductor chip is mounted on each of the 
wiring boards and electrically connected to the respective 
wiring board. Solder connections are provided. The wiring 
boards are stacked one on top of another substantially 
parallel to one another and interconnected mechanically and 
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electrically by the soldered connections resulting in at least 
two stacked wiring boards. The soldered connections extend 
through the apertures in at least one of the wiring boards and 
over one or more levels of the stacked wiring boards. 

According to the invention, the electronic component has at 
least two- stacked semiconductor chips, which are respectively 
mounted on a wiring board and electrically connected to the 
latter. The at least two wiring boards are stacked one on top 
of the other substantially parallel to one another and 
interconnected mechanically and electrically by soldered 
connections. The soldered connections extend through 
apertures in at least one of the wiring boards and over one or 
more levels of wiring boards stacked one on top of the other, 
with semiconductor chips mounted on the boards. 

The electronic component according to the invention has the 
advantage that three-dimensionally structured components can 
be produced from stacked semiconductor chips in a simple and 
exact way. The components can be made very compact and have 
great mechanical stability. 

In one embodiment of the invention, the soldered connections 
are provided in edge regions of the at least two stacked 
wiring boards. This embodiment has the advantage that the 
soldered connections act as load-bearing mechanical 
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connections and at the same time can provide the electrical 
connection of the semiconductor chips to one another. 


A further embodiment provides that the soldered connections 
are respectively formed by solder balls lying one on top of 
the other and fused together. In this embodiment, it is of 
advantage that an exactly defined position of the wiring 
boards with the semiconductor chips mounted on them is made 
possible in an easy way in terms of production engineering. 
The subsequently fused together solder balls provide an 
electrically and mechanically good connection. 


In a further embodiment of the invention, it is provided that 
the solder balls to be fused have a smaller diameter than the 
apertures in the wiring boards. This embodiment has the 
advantage that, by simply putting solder balls in place, 
wiring boards can be stacked one on top of the other and the 
solder balls fused while maintaining the distance 
predetermined by a plastic buffer, such as for example a 
bonding channel covering. 


A further embodiment according to the invention provides that 
the at least two wiring boards with the semiconductor chips 
mounted on them are stacked one on top of the other in such a 
way that a rear side of one semiconductor chip is facing an 
underside of a neighboring wiring board. This embodiment has 
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the advantage that minimal distances between the individual 
stacking levels can be realized in this way. 

A further embodiment of the invention provides that the 
undersides of the wiring boards are provided with supporting 
points, on which a rear side of a semiconductor chip 
respectively comes to bear. What is especially advantageous 
about this embodiment is that the supporting points represent 
a defined bearing point for the successively following wiring 
boards of the stack. Even if there are slight differences in 
the diameter of the solder balls and/or of the apertures in 
which they come to lie, there is no risk of any direct contact 
between the wiring board and the semiconductor chip of 
different stacking levels. 

In a further embodiment according to the invention, the 
supporting points take the form of plastic buffers disposed 
centrally on the rear sides of the wiring boards, which has 
the advantage of an insulating effect in mechanical, 
electrical and thermal respects. 

In a further embodiment according to the invention, the 
plastic buffers are formed of an elastomer, which has in 
particular the advantage of effective mechanical damping 
between the surfaces in contact with them. 
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A further embodiment of the invention provides that an 
uppermost and/or undermost wiring board of a stack is provided 
with near-edge electrical contacts without apertures. This 
embodiment has the advantage that the liquefied solder of the 
fused solder ball is kept on the contact area and cannot flow 
away toward a side on which no further wiring board is 
attached. 

A further embodiment of the invention provides that an 
undermost wiring board of a stack is provided with contact 
terminal areas, accompanied by the advantage that the wiring 
board can be directly bonded with further electric circuits. 

A further embodiment of the invention provides that an 
undermost wiring board of a stack is provided with contact 
bumps, accompanied by the advantage that the wiring board can 
be directly mounted and electrically bonded on a printed 
circuit board or the like. 

2 0 A further embodiment of the invention provides that an 

undermost wiring board of a stack is provided with solder 
deposits located on the contact terminal areas. This 
embodiment has the advantage that the undermost wiring board 
can be connected to further electric circuits in a simple way 

25 by melting these solder deposits. 
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A further embodiment of the invention provides that the wiring 
boards which are not the undermost or uppermost of a stack are 
provided with near-edge electrical contacts with apertures, 
which has the advantage that the solder balls coming to bear 
in the apertures provide an exact distance of the wiring 
boards from one another in the stacked state. In the molten 
state, the apertures provide the special advantage of a 
soldered connection that extends over a number of levels of 
the stack and is consequently mechanically very stable. 

A further embodiment of the invention provides that the wiring 
boards which are not the undermost or uppermost of a stack are 
provided with near-edge electrical contacts without apertures. 
This is accompanied by the advantage of different electrical 
bonding of the contact points from both sides, since no 
plating through takes place. 

In a method for producing an electronic component which has at 
least two stacked semiconductor chips which are respectively 
2 0 mounted on a wiring board and electrically connected to the 

latter, it is provided that the at least two wiring boards are 
stacked one on top of the other essentially parallel to one 
another and interconnected mechanically and electrically by 
soldered connections. Moreover, the soldered connections 
2 5 extend through apertures in at least one of the wiring boards 
and over one or more levels of wiring boards stacked one on 
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top of the other with semiconductor chips mounted on them. 
According to the invention, the method contains the following 
method steps. After preparing wiring boards with 
semiconductor chips mounted on them and electrically connected 
to them, supporting points are applied to the rear sides of 
the wiring boards facing away from the semiconductor chips. 
After that, solder is provided in near-edge apertures of the 
wiring boards, with electrical contacts adjoining the 
apertures. Parallel stacking of at least two wiring boards 
with semiconductor chips mounted on them subsequently takes 
place, a passive rear side of a semiconductor chip 
respectively coming to bear on a supporting point. Finally, 
the solder is melted, whereby mechanical and electrical 
connections are established between the adjoining levels of 
the stack. 

This method has the advantage that very compact and highly 
integrated electronic components with semiconductor chips can 
be produced in this way. Moreover, the method has the 
advantage that a high level of precision is obtained in 
production, i.e. the geometrical dimensions and positions of 
the parts to be connected to one another can be maintained 
very exactly with the method according to the invention. With 
the aid of the method according to the invention, the stacking 
of a large number of individual assemblies containing wiring 
boards and semiconductor chips mounted on them is possible. 
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In a first exemplary embodiment of the method, the solder is 
provided in the apertures in the form of solder balls that 
have a smaller diameter than the apertures. This exemplary 
embodiment has the advantage of an optimally defined position 
of the stacked wiring boards in relation to one another. On 
the basis of the predetermined geometrical dimensions of the 
apertures, solder balls and the distance between the wiring 
boards stacked one on top of the other, they can be fixed and 
connected approximately in parallel and at a defined distance 
in relation to one another with minimal tolerance. 

In a further exemplary embodiment of the method, the solder is 
provided in the apertures in the form of solder paste. This 
further exemplary embodiment has the advantage that the solder 
paste adheres very well on the metallic contact terminal 
areas, even under unfavorable conditions, allowing the risk of 
a defectively soldered connecting point to be minimized. 

2 0 For a further exemplary embodiment of the method, it is 

provided that the wiring boards are mechanically fixed during 
the stacking and before the soldering, which has the advantage 
of a very low defect or reject rate in the production of the 
stacked electronic components. Moreover, in this way, 

25 handling of the individual parts to be processed and connected 
is also possible in any desired position. 
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An alternative example of how the method is carried out 
provides that a number of semiconductor wafers are stacked one 
on top of the other and, and after connecting the contact vias 
5 with the conductor tracks of semiconductor wafers lying above 
or below, the stacked semiconductor wafers are individually 
separated into stacked semiconductor chips. 

This example of how the method is carried out has the 
advantage that a very efficient way of processing relatively 
large batches is made possible. The forming of stacked 
assemblies on the wafer level can make it possible for the 
production equipment to achieve a higher throughput. 

A further exemplary embodiment of the method according to the 
invention provides that, for melting the soldered joints for 
connecting the stacked wiring boards, the latter are heated to 
a soldering temperature, which has the advantage of a very 
quick and reliable connection, and consequently very quick and 
efficient processability . 

To sum up, the following aspects of the invention are 
obtained. The electronic component according to the invention 
may contain a number of stacked assemblies which are 
respectively formed by a wiring board, known as the substrate 
carrier (also referred to as an interposer) , and a 
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semiconductor chip fastened on it with positive engagement. 
The wiring of the contact terminals of the semiconductor chip, 
some of which are microscopic, to form larger contact terminal 
areas suitable for further processing takes place on the 
5 wiring board. This mentioned assembly is also referred to as 
a CSP (chip-size package) . Provided at the edge of the wiring 
board are contact terminal areas, known as landing pads, on 
which solder balls are provided. in a subsequent production 

H> step, the solder balls are melted and provide an electrical 

Q 

030 and mechanical connection to further wiring boards, or else 

'■&} 

j-j for mounting on a printed circuit board or the like. 

q The individual assemblies - containing wiring boards and 

W 

Q semiconductor chips - are interconnected both mechanically and 

& 
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electrically by the solder balls. What is important here is 
that the respective connecting points are disposed vertically 
one above the other and that the respective contact terminal 
area (landing pad) has a sufficiently large opening, so that a 
solder ball placed on top of it can contact a solder ball 
lying under it. During the soldering, known as the reflow 
process, the solder balls become molten and fuse together. 
Once the solder has solidified, connections of one wiring 
board to the respectively adjoining wiring board consequently 
form. As an option instead of the solder balls described, it 
25 is also possible to use solder paste, which is applied to the 
respective connecting point by what is known as a dispensing 
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device. In this case, no openings or apertures are required 
in the contact terminal areas at the outer edge of the wiring 
boards . 

Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 

Although the invention is illustrated and described herein as 
embodied in an electronic component with stacked semiconductor 
chips, it is nevertheless not intended to be limited to the 
details shown, since various modifications and structural 
changes may be made therein without departing from the spirit 
of the invention and within the scope and range of equivalents 
of the claims. 

The construction and method of operation of the invention, 
however, together with additional objects and advantages 
thereof will be best understood from the following description 
of specific embodiments when read in connection with the 
accompanying drawings . 

Brief Description of the Drawings : 

Fig. 1 is a diagrammatic, cross-sectional view of a wiring 
board with a semiconductor chip mounted on it, before 
2 5 stacking, and according to the invention; 
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Fig. 2 is a sectional view of two wiring boards stacked one c 
top of the other, corresponding to Fig. 1; 

Fig. 3 is a sectional view of the two wiring boards stacked 
one on top of the other and securely connected to each other; 
and 

Fig. 4 is a sectional view of the two wiring boards stacked 
one on top of the other, corresponding to Fig. 3, with solder 
balls having being provided on an uppermost wiring board. 

Description of the Preferred Embodiments : 
In the following descriptions of the figures, exemplary 
embodiments of the invention are represented. The same parts 
are always provided with the same reference numerals in the 
figures and in some cases are not explained more than once. 

Referring now to the figures of the drawing in detail and 
first, particularly, to Fig. 1 thereof, there is shown a 
schematic cross section of a wiring board 5 with a 
semiconductor chip 2 mounted on it, before being stacked with 
further wiring boards. The semiconductor chip 2 is mounted 
with its active front side 3, which has semiconductor 
structures, on the flat wiring board 5 with positive 
engagement. On the flat side of the wiring board 5 facing 
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away from the semiconductor chip 2 there can be seen a plastic 
buffer 14, which is explained below with reference to Fig. 2. 

At an outer edge of the wiring board 5, the wiring board 5 is 
provided with contacts 6, which are connected to non- 
illustrated conductor tracks. The conductor tracks lead to 
the contacts, which have electrical connections with contact 
terminal areas of the semiconductor chip 2. Respectively 
provided on the metallic contacts 6 are solder balls 10, 
which, after the stacking of two or more of the wiring boards 
5, are melted and provide an electrical and mechanical 
connection of the wiring boards 5. 

Fig. 2 shows a schematic cross section of two wiring boards 5 
stacked one on top of the other. The plastic buffer 14 
fastened centrally on each of the wiring boards 5 is in this 
case in contact with a passive rear side 4 of the 
semiconductor chip 2 mounted on the next wiring board 5. The 
wiring board 5 that is undermost in Fig. 2 is provided at its 
outer edge with the electrical contacts 6 without apertures, 
on which the solder balls 10 respectively rest. The further 
wiring board 5 resting on the undermost wiring board 5 is 
likewise provided at its outer edge with the electrical 
contacts 6, and the wiring board 5 has apertures 8. In this 
case, the electrical contacts 6 of the wiring boards 5 lying 
one on top of the other lie approximately congruent ly one 
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above the other, so that the solder balls 10 located in the 
apertures 8 come to lie vertically one above the other. 

Fig. 3 shows a schematic cross section of the two wiring 
boards 5 stacked one on top of the other and securely 
interconnected. In this case, the solder balls 10 
respectively lying one above the other were melted by heating 
and in each case form a soldered connection 12 extending 
through the entire stack. Each soldered connection 12 
provides a mechanical fixing of the stacked wiring boards 5 
and at the same time represents an electrical connection 
between the electrical contacts 6 lying one above the other. 

Fig. 4 shows a further schematic cross section of the two 
wiring boards 5 stacked one on top of the other and securely 
interconnected. On the uppermost wiring board 5, the solder 
balls 10, which can provide a secure mechanical and electrical 
connection on a mounting location by melting, are in this case 
respectively provided on contact terminal areas 16. 

The contacts 6 at the edge of the wiring boards 5 may either 
be provided along all the edges of each wiring board or, if 
appropriate, be located only on two oppositely lying sides of 
the wiring boards 5. 
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An exemplary embodiment of the production method according to 
the invention for producing an electronic component is 
described below on the basis of Figs. 1 to 4 explained above. 


5 First, the semiconductor chips 2 with the passive rear sides 4 
without integrated circuits and with the active front sides 3 
with integrated circuits are prepared. The semiconductor 
chips 2 are in each case mechanically and electrically 
connected with positive engagement to the wiring boards 5, 

W w hich respectively have electrical contacts 6 on at least two 

Q 

;J3 oppositely lying side edges. On the surfaces of the wiring 

o 

ft! boards 5 facing away from the semiconductor chips 2, 

00 

! J3 supporting points are respectively applied in an approximately 


central position in the form of the plastic buffers 14 


! 'c3 

py Apart from those of the undermost wiring board 5, the contacts 
6 of the wiring boards 5 are respectively provided with the 
apertures 8, into which the solder balls 10 are placed. This 
is followed by at least two wiring boards 5 being stacked in 

20 parallel, so that the contacts 6 come to lie with the 

apertures 8 located in them and the solder balls 10 placed in 
the apertures 8 one above the other. The passive rear sides 4 
of the semiconductor chips 2 in this case come to bear 
respectively on the plastic buffer 14 of an adjoining wiring 

25 board 5. By heating the stack, the solder balls 10 are fused 
to form the continuous soldered connections 12, which provide 
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a mechanical connection of the stack and an electrical 
connection of the contacts 6 to one another. 

The electronic component according to the invention may be 
formed by a multiplicity of semiconductor chips 2 mounted on 
the wiring boards 5 and stacked one on top of the other. The 
stacked wiring boards do not necessarily have to be of the 
same dimensions. All that is important is that, when there 
are two wiring boards 5 lying one on top of the other, at 
least two or more of the contacts 6 with the apertures 8 and 
the solder balls 10 placed in them come to lie congruently one 
above the other. The soldered connections extending over the 
stack do not have to be continuous soldered connections from 


Q 

J the lowermost to the uppermost wiring board 5. Similarly 


possible are soldered connections that are continuous over 
certain sections, which in each case connect two or more of 
the wiring boards 5. In this way, electronic components can 
be formed from any desired stacks of wiring boards of 
different sizes with semiconductor chips of different sizes 
2 0 mounted on them. 
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